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1(Smith [3]) $P(x)$ $n$ 1 (1) $n$
$x_{1},$ $\ldots$ , $x_{n}$ $r_{1},$ $\ldots,$ $r_{n}$
$r_{j}=| \frac{nP(x_{j})}{a_{n}\prod_{k1,\neq j}^{n}=(Xj-x_{k})}|$ , $j=1,$ $\ldots,$ $n$ (5)
$D_{j}$ , $P(x)$
$D_{1}\cup\cdots\cup D_{n}$ $D_{1}\cup\cdots\cup D_{m}(m\leq n)$
$D_{m+1},$ $\ldots,$ $D_{n}$ $D_{1}\cup\cdots\cup D_{m}$
$m$ $P(x)$ 1
3.1











$(_{n}$ $z_{1},$ $\ldots,$ $z_{n}$







$\zeta_{1}\simeq\cdots\simeq\zeta_{m}(m\leq n)$ $P(x)$ $\zeta_{1},$
$\ldots,$
$\zeta_{m}$
$P(x)=0$ $\zeta_{1},$ $\ldots,$ $\zeta_{n}$ $z_{1},$ $\ldots,$ $z_{n}$
Smith (8) $\tilde{\zeta}_{1},$ $\ldots,\tilde{\zeta}_{n}$
$z_{1},$ $\ldots,$ $z_{n}$
$P(z_{i})=O(\epsilon_{M})$
( $\epsilon_{M}$ ) $|\Delta_{P}(z_{i})|\gg\epsilon_{M}$ (8)








$z_{j}=\beta+r\exp(2\pi ji/m)$ , $j=1,$ $\ldots,$ $m$ (12)
$(j=1, \ldots, m)$ $z_{1},$ $\ldots,$ $z_{m}$ $\beta_{\text{ }}$
$r$




SPARC Station 5(microSPARC $\mathrm{I}\mathrm{I}7\mathrm{o}\mathrm{M}\mathrm{H}_{\mathrm{Z}}$ , RAM
$32\mathrm{M}\mathrm{B}),$ $\mathrm{S}\mathrm{u}\mathrm{n}\mathrm{O}\mathrm{S}4.1.4$ NS-LISP (Nara Standard LISP)







$\Delta_{i}(x)=1.0\cross 10^{-16}\cdot|P_{i}(x)-1\mathrm{t}(P_{i})|$ , $i=2,$ $\ldots,$ $6$ .
46
$1\mathrm{t}(P_{i})$ $P_{i}(x)$ $|P_{i}(X)-1\mathrm{t}(P_{i})|$ $P_{i}(x)-1\mathrm{t}(Pi)$
$P_{i}(x)=0$ $i$ $x=\sqrt{5}$ $P_{i}(x)=0$
Durand-Kerner [1], [2] $x=$ $(j=1\ldots., i)$
$z_{i,j}$ $\overline{z}_{i,j},\hat{z}_{i,j}$
$\overline{z}_{i,j}=\beta+(_{Z_{i}},j-\beta)\cdot\frac{r}{|z_{i,j}-\beta|}$ , (14)
$\hat{z}_{i,j}=\beta+\frac{r(z_{i,1^{-\beta}})}{|z_{i,1}-\beta|}$ . $\exp(2\pi\frac{j-1}{i}i)$ . (15)






2 $8.8430013840566\cross 10^{-8}$ $7.9476036239780\cross 10^{-8}$ $7.5112142067918\cross 10^{-8}$
$3$ 4.8136716265044 $\cross 10^{-5}$ 38264340406208 $\cross 10^{-5}$ 40987515028808 $\cross 10^{-5}$
$4$ 79479228538200 $\cross 10^{-4}$ 78846246599637 $\cross 10^{-4}$ 79887194125375 $\cross 10^{-4}$
$5$ 5.2652072238001 $\cross 10^{-3}$ 47823356826977 $\cross 10^{-3}$ 47707669801030 $\cross 10^{-3}$
$6$ 18432136137678 $\mathrm{x}10^{-2}$ 15383777442493 $\cross 10^{-2}$ 15533949369695 $\mathrm{x}10^{-2}$
1: $\overline{P}(x)=0$




. $\cdot$ , $\cdot$ .
332
2 $F(x$ ,




$+$ $(1032192/25y^{4} - 36864y^{3} - 7732224/25y^{2}-207360y+770048/25)x^{2}$
$+$ $(65536y6+49152y^{5} - 135168y^{4} - 72704y^{3}+101376y^{2}+27648y-27648)$ .
(16)




$(\pm 35\sqrt{17}/351, - 386/351)$
$(\pm 35^{\sqrt{14}}/76, -41/76)$
(17)
$(x, y)=(35\sqrt{14}/76, -41/76)$ $\simeq(1.7231316912775,- 0.53947368421053)$ (18)
1. $R(y)=\mathrm{r}\mathrm{e}\mathrm{S}x(F, dF/dx)$
2. $R(y)=0$ $y_{0}$
3. $G(x)=F(x, y_{0})=0$ $x_{0}$
$(x_{0,y_{0}})$
$R(y)/1\mathrm{c}(R(y))$ $\overline{R}(y)$ \Delta R(
$\tilde{R}(y)=\overline{R}(y)+\Delta_{R}(y)$ $\tilde{R}(y)=0$
( $1\mathrm{c}(R)$ R( )
$\overline{R}(y)=y^{30}+8.6539053947699y^{29}+28.393489080999y28+31.631089993073y27$
- 53$.416.176996449y^{26}$ – 215 $.09122862275y^{25}$ – 236$.3021941649y^{24}$
+69$.623690834345y^{23}+472.13450806035y22+508.40838430993y21$








$+0.000\mathrm{o}\mathrm{o}15061526035172y-0.\circ 0\mathrm{o}\mathrm{o}\mathrm{o}09691\mathrm{o}\mathrm{o}704837\circ 8$ ,
$\Delta_{R}(y)=1.0\cross 10^{16}\cdot|\overline{R}(y)-1\mathrm{t}(\overline{R}(y))|$ .







$y_{4}=-0.53977014394232$ – 0.$000029796612211464i$ .







$\hat{y}_{j}=\beta+\frac{r(y_{1}-\beta)}{|y_{1}-\beta|}$ . $\exp(\frac{(j-1)\pi i}{2})$ , $j=2,3,4$ .







































$\mathrm{r}\mathrm{e}\mathrm{s}_{x}(\tilde{P}, d\tilde{P}/dx)$ $0$ $\tilde{P}(x)$ $P(x)$




$P(x)$ $\deg(P)$ $P(x)=0$ \mbox{\boldmath $\zeta$}ma
Sturm Sturm ( [8] )






$P_{0}=P(x)$ , $P_{1}= \frac{d}{dx}P(x)$ ,
$P_{i}=-\mathrm{r}\mathrm{e}\mathrm{m}(P_{i-}2, Pi-1)$ , $i=2,$ $\ldots,$ $m$ .
(30)
$\mathrm{r}\mathrm{e}\mathrm{m}(Pi-2, Pi-1)$ Pi-2 $P_{i-1}$ $x$
(29) $0$ $N(x)$ $s,$ $t$
$s<t$ $P(x)=0$ $[s, t]$
$N(s)-N(t)$ I
3 $s=-\infty,$ $t=\infty$ $P(x)$
Sturm
Sturm $k$ $P_{k}$ $(k>1)$ $P_{k}$
( )
1. $P_{k}$ $0$
2. $P_{k}$ $P_{k+1},$ $\ldots$ $P_{k+1},$ $\ldots$
3 $P(x)$ Sturm $(P_{0}(x), \ldots, P_{n}(x))$
( [7] )
[ 1] $x$ 2 $P_{i-1}(x)$ $P_{i}(x)$ $0$




4[5, Theorem 7] $P.(x),$ $P_{0},$ $\ldots$ , $..P_{n}.$
.
3 $P_{k}(1<$
$k<n)$ $\zeta_{\max}$ $x_{k,1},$ $\ldots,$ $x_{k,l_{k}}(l_{k}<\deg(P_{k}))$






$P_{i}’’=-\mathrm{r}\mathrm{e}\mathrm{m}(P_{i}’’-2’ P_{i-1}\prime\prime)$ for $i=k+2,$ $\ldots,$ $n”$ ,
(32)
$\deg(P_{n}’’,,)=0$ $x$ (31) $N”(X)$
$s,$ $t$ $s<t$ $P(x)=0$ $[s, \theta]$
$N”(s)-N”(t)$
Terui and Sasaki [5] I
4 $P_{k}(x)$ ( $P(x)$ )
Sturm $P(x)$
4 $P_{k}(x)$
5 [5, Lemma 8] $\epsilon_{n},$ $\ldots$ , $\mathit{6}_{n-S}+1$ $0<|\epsilon_{j}|\ll 1$ $Q(x)$
$Q(x)=\mathcal{E}nX^{n}+\cdots+\mathit{6}n-s+1x-S+1+nb_{n}-sx^{n}-+s\ldots+b0x0$ . (33)
$0$ $b_{i}(i=n-s, \ldots)0)$ $|b_{i}|\geq 1$ $x_{1},$ $\ldots,$ $x_{n}$ $Q(x)$
( $|x_{1}|<\cdots<|x_{n}|$ )
$-\mathrm{T}^{3}$
$\lim$ $|x_{j}|=\infty$ , $j=n-s+1,$ $\ldots,$ $n$ . (34)
$(\epsilon_{n},\ldots,\epsilon_{n-}S+1)arrow(0,\ldots,0)$
52
Terui and Sasaki [5] I




6[5, Theorem $9|P(x),\tilde{P}(x)$ (1), (2) $P(x)$ Sturm
$(P_{0}=P(x), P_{1}=dP/dx, P_{2}, \ldots, P_{i}, \ldots)$ $P_{k}(x)(k>1)$
$P_{k}(x)=\mathcal{E}_{k,n_{k}}X^{n_{k}}+\cdots+\epsilon_{k,n_{k}-s+}1X^{n-s}k+1+b_{k,n_{k}-s^{X^{n_{k}-}}}s+\cdots+b_{k,0}x^{0}$ . (35)
. $\max\{|\epsilon_{k,n_{k}}|, \ldots, |\epsilon_{k,n_{k}-}S+1|\}\ll\min_{b_{k,j}}\neq 0\{|b_{k,n_{k}}-S|, \ldots, |b_{k,0}|\}$






$P_{i}’=-\mathrm{r}\mathrm{e}\mathrm{m}(P_{i’-}P_{i-1}2")$ for $i=k+2,$ $\ldots,$ $n’$ ,
(37)
$\deg(P_{n}’,)=0$ $x$ (36) $N’(x)$
$s,$ $t$ $s<-(_{\max},$ $\zeta_{\max}<t$ $\tilde{P}(x),$ $P_{k-1}(x)$ ,
$P_{k}(x)$ $\tilde{P}(x)=0$ $N’(s)-N’(t)$
1. $\tilde{P}(x)$ $\delta_{n-1},$ $\ldots,$ $\delta_{0}$ (4)
$\epsilon_{k,n_{k}},$ $\ldots$ , $\epsilon_{k,n_{k1}}-S+$ $0$ $\mathrm{r}\mathrm{e}\mathrm{s}(\tilde{P}, Pk)$
$0$
2. ,k,nk , . . . , $\epsilon_{k,n_{k-S+}}1$ $0$ $\mathrm{r}\mathrm{e}\mathrm{s}(P_{k-}, {}_{1}P_{k})$
$0$










$P(x)$ Sturm $(P_{0}(x), , . . , P_{5}(x))$
$P_{0}(_{X)}=P(x)$ ,
$P_{1}(x)= \frac{d}{dx}P(x)=5x^{4}+16x^{3}+\frac{19203}{1000}x^{2}-40x+5$ ,
$P_{2}(x)=- \frac{1}{2500}x^{3}+\overline{6250}X$ $- \frac{52}{5}x-\frac{1}{5}$ ,94203 2
(40)7099837085603 2
$P_{3}(x)=-x\overline{1000}+4898974540_{X}+94210995$ ,
$P_{4}(x)=-, \frac{18389861,43841703970}{50407686642103700749873609}x$ $\frac{581470528239934409}{50407686642103700749873609}$ ,
$P_{5}(x)=- \frac{3156650856766728652582995769441472408792519708557}{338187\mathrm{o}\mathrm{o}3724178032438464099311376090\mathrm{o}\mathrm{o}00}$.
$N(-\infty)-N(\infty)=3$
(40) $P_{2}(x)$ ( $P_{2}(x)$ $x\simeq 37680.5$
) $P(x),\overline{P}(x),$ $P1(x),$ $P2(X)$ 6
1 $\tilde{P}(x)$ (39) $P_{2}(x)$ $0$
2 $P_{2}(x)$
$\epsilon x^{3}$ $\mathrm{r}\mathrm{e}\mathrm{s}_{x}(P1,\tilde{P}2)$ 6 $\epsilon\in$ $[$ -1/2500, $0]$
$\mathrm{r}\mathrm{e}\mathrm{s}_{x}(P_{1},\tilde{P}_{2})<0$ (37) $P_{2}’(x),,$ $,$ . . $,$ $P_{4}’(x)$
94203 2
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